Purpose: This paper analyses the impact mechanism of international oil price on the industrial carbon emission, and uses the partial least squares regression model to study international oil price's impact on carbon emissions in China's transportation industry.
Introduction
In July 2010, the IEA (International Energy Agency) released a report saying that China has become the world's first energy consumer with a consumption of 2.252 billion tons of oil in 2009, which is 4 % more compared to USA's total oil consumption of 2.17 billion tons. China's transportation industry as an important basic industry and service sector is also one of the fastest growing energy consuming industries of the country. The 1996-2011 statistics from the People's Republic of China Bureau of Statistics show that the total energy consumption of China's transportation (including storage and postal services) in 1995 is 58.63Mt (million ton) TCE (A ton of coal equivalent or ton of coal equivalent (TCE) is a conventional value of 7 Gcal (1Gcal=10 9 calorie) = 29.3076 GJ (1GJ=10 9 Joule). accounting for 4.5% of the total energy consumption of the whole society. By 2009, the national transportation energy consumption has attained the level of 236.92Mt TCE, which is about 3 times more than that of 1995, and its proportion to the country's total energy consumption has also rose to 7.47%.
Seen from the energy consumption structure, the energy consumption in transportation industry is mainly concentrated in the fuel consumption, which is constituted mainly of three refined oil: gasoline, kerosene, diesel fuel, where fuel oil's consumption is relatively small and crude oil consumption is even minimal. In 2008, the consumption proportions of gasoline, kerosene, diesel and fuel oil for the whole society are respectively 50.3%, 90.8%, 57.3% and 41.4%, representing respectively 21.4%, 8.13%, 52.4% and 7.68% of the transportation industry's total energy consumption. In other words, about 70% of the oil consumption in China is consumed by its transportation industry. From this, it is clear that, although the energy consumption of the transportation industry itself accounts only for a small part of the energy consumption in the whole society, its energy consumption exerts direct impacts on and determines the energy saving of the entire Chinese society.
-750-Journal of Industrial Engineering and Management -http://dx.doi.org/10. 3926/jiem.944 The experiences from developed countries show that, the more developed the economy is, the greater transportation's proportion in the country's total energy consumption will be. In the next 10-20 years, China will be in a critical period of industrialization, urbanization and modernization, where, with the deepening of industrialization and urbanization, with the fastened mechanization, and with the rapid economic and social development, the demand for transportation will unceasingly grow, resulting in a rapid increase in transportation needs and services, and energy consumption in the transportation field will eventually enlarge the transportation energy consumption (especially consumption of petroleum products). At the same time, transportation as the key industry in oil consumption is one of the important sources of greenhouse gases and air pollution emissions. As the statistics of the United Nations Development Program (UNDP) show that, up to 2008, China's carbon dioxide emission reductions have accounted for about 1/3 of the global market. In the Copenhagen Climate Change Conference of 2009, China's government has determined a strategic deploy to actively tackle climate change, with a commitment to reduce its per unit GDP carbon dioxide emissions in 2020 by 40%-45% compared to that of 2005. Taken into account the facts that China's energy utilization rate in transportation at present on the whole is still 7.2% lower than that of the United States, and 10% lower than of Japan, therefore China's transportation industry still has a great energy-saving space. And as defined in "the Construction of low carbon transportation system guidance" by the government issued on February 21, 2011, the transportation is one of the three major industries with the characteristic of low carbon emissions, it is thus identified as a solution to the country's climate change working deploy. To help to achieve the above goal, it is of academic value and practical importance to investigate carbon emissions in China's transportation industry and to study its influencing factors, which will become an important premise to make contributions to energy saving and emission reduction in the whole society and to realize China's energy-saving and emission reduction plan.
Literature Review
Energy occupies a strategic position in a country's economy, especially in the development of its transportation industry. At the present, a number of scholars have used various forecasting methods and models to study and predict energy consumption and carbon emissions in the transportation, and some other scholars have set up some variable scenarios affecting energy consumption and carbon emission to unfold energy consumption and carbon emission prediction, where the impacts of energy price changes in the industry is becoming a major research theme. As for the energy-saving and emission reduction plan and target in China's transportation industry, if a study of international oil price's impact on the carbon emissions in its transportation industry is necessary, it is essential to study the double influence mechanism of international oil prices affecting indirectly on its carbon emissions in the transportation -751-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.944 industry via domestic oil price, and to adopt certain forecasting methods and models to predict, at certain GDP level, international oil prices' impact factors and theirs influences on China's transportation industry.
Among the related researches on GDP and energy, China's economic development is heavily dependent on the levels of investment and energy use, and pointed out the existence of bilateral causality between its GDP and overall energy consumption (Yuan, Kang, Zhao & Hu, 2008) . The three factors affecting the price of crude oil by EMD (Empirical Mode Decomposition): short-term fluctuations caused by daily imbalance between supply and demand or caused by other market activities, significant event shocks and long-term trends (Zhang, Yu, Wang & Lai, 2009) . Through a comparison of proposed algorithms, the particle swarm optimization technology was suggested that it can effectively reduce the prediction error, and he then forecasted Turkey's energy supply and demand in 2025 (Unler, 2008) . The energy efficiency is a key parameter for policies reduce energy consumption while maintaining or even enhancing economic growth, where the main option influencing energy efficiency is the change of relative prices, i.e. to increase energy prices or to introduce new technologies to increase the unit energy productivity through economic means (Prices, 2000) . The panel data of about 2500 energy-intensive large and medium-sized industrial enterprises in China for the period 1997-1999 was analyzed. The results indicate that the enhancement of relative energy prices and the changes in China's industrial structure are the main driving force of decreases in China's energy intensity (Fisher, Jefferson, Liu & Tao, 2004) . Such independent variables were selected as GDP, population and traffic (km) to develop a genetic algorithm model for transportation energy forecast (Haldenbilen & Ceylan, 2005) . Energy efficiency is an important factor to develop the energy policy, and an empirical research on the influence of China's energy structure on its energy efficiency from 1978 to 2003 is mainly related to the preliminary estimation of the marginal efficiency and energy substitution rate of China's coal and oil (Han, Fan, Jiao, Yan & Wei, 2007) . The impact of energy prices with time is asymmetry, and the industry adjustment leads to the decrease in total energy intensity (Hang & Tu, 2007) .
A forecasting for transportation energy in Turkey based on harmony search algorithm is undertaken (Ceylan, Ceylan, Haldenbilen & Baskan, 2008) .
As for the academic efforts in China, scholars focused mainly on relative forecasting in two aspects of transportation energy consumption and carbon emission. Based on EMD (Empirical Mode Decomposition) combined with SVM (Support Vector Machine), energy consumption forecasting model was built, and the energy consumption conditions in China analyzed and predicted (Zhang & Jin, 2011) . Energy demand and carbon emission of China's transportation system in different future scenarios is analyzed and predicted by using the LEAP (Laboratory Environmental Analysis Proficiency) model (Zhu, 2001) . Economic and technological developments exert significant influences on the development trends of China's overall carbon emission (Qu & Guo, 2010) . Through historical and economic growth data of transportation products in the transportation industry, and by linear regression method, Jiancui Liu studied -752-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.944 the transportation products for China's future transportation industry, and she also calculated its energy consumption, carbon emissions and potential energy saving capability (Liu, 2011) .
Taoxin Zhang et al. put forward and elaborated the concept of low carbon city transport, and they then analyzed the energy consumption situation of China's urban transportation and carbon emission since 2000, and by these, they proposed some strategies and measures for the construction of urban low-carbon transport (Zhang, Zhou & Zhao, 2011) . All the above have illustrated the importance and necessity to investigate the impacts of GDP, energy consumption and prices on the energy saving plan and its realization in China's transportation industry. As the goal of economic development is a sensitivity factor affecting total energy demand, the energy price changes will have either promoting or handicapping effects on the whole coordinated GDP economy development in the country.
Concerning the researches on the volumes of private car ownership, passenger and freight, with the development of national economy and GDP growth, China's transport demand will continue to increase, resulting in remarkable growth in regard to private car population, passenger and freight transportation volume in China's transportation industry. As the total freight volume of China's transportation has been ranked among the world's top three, and as the country is becoming a great transportation power, the industry has also become the third energy-consuming industry after the industrial and domestic consumptions. And this will certainly affect carbon emission in China's transportation industry. Zhang developed PLSR model to predict China's transportation energy, in which independent variables are GDP, urbanization rate, passenger transportation volume (persons per km), freight transportation volume (ton per km) (Zhang, Mu, Li & Ning, 2009 ). Zong Woo Geem applied artificial neural network model in the case of Korea's transportation energy demand prediction, where he took into account different independent variables such as population, GDP, oil price, vehicle registration and passenger transportation volume, and he then compared the forecasting results from the 5 variables regrouped into four groups models with those from the multivariate linear regression model (Geem, 2011) . Tianrong Xie and Jing Wang studied and calculated the carbon emission and the unit turnover volume of various transportation modes, completed by carbon emission from main transportation method (Xie & Wang, 2011) . proposed some emission reduction countermeasures and suggestions as well (Ji & Kong, 2012) .
From the synthesis of the existing literature, it can be observed that the low carbon research on the transportation industry are relatively late and are of a limited nature, where the forecasting is conducted mainly from two angles: transportation energy consumption and carbon emission reduction, which include the relational model of energy consumption, carbon emission and their impact factors in order to undertake forecasting and to investigate carbon emission peaks in different scenarios. The models adopted in these efforts are mainly genetic algorithm, HS algorithm, multiple regression models, neural network model, SVM, STIRPAT model, etc. No doubt, the use of energy prices as a economic lever will play an active role in promoting the comprehensive, coordinated development of the national economy and in the sustainable development of the energy industry itself, where this lever will not only motivate all those are concerned, enhance economic development, improve efficiency, curb excessive demand, and guide consumption pattern transformation in our country as well (Chai, Guo & Wang 2012 ). All the above have laid the theoretical foundation and provided a valuable reference for this paper to forecast and to analyze carbon emission in the transportation industry in regard to the influence mechanism of international oil price on China's carbon emission in the industry. By these, this paper chooses five independent variables of GDP, international oil price, private car population, passenger and freight transportation volume as the impact factors to investigate the industrial carbon emission of the transportation industry.
Influence Mechanism and Analysis Method

Influence Mechanism
China's dependence on foreign petroleum is increasing year by year, where its dependence degree is reaching 50%. According to the current "Oil price management method (Trial)", the price adjustment principle for the refined oil pricing mechanism is that when the international oil prices is above $80 per barrel, the refined oil price will be calculated by the deduction of processing profits until zero profit. China's Development and Reform Commission also expressed similar approach, where the refined oil price adjustment is mainly based on the current pricing mechanism for domestic refined oil, taken into account also recent oil price changes in the international market. Up to July 9, 2012, the moving-average price in the international market for the three major crude oil types linked to domestic oil prices has fallen by more than 4% for 22 working days, reaching the boundary condition for domestic refined oil price adjustment. Therefore the international oil price fluctuation has an important reference value on the Chinese oil price adjustment, which will certainly exert a critical impact on China's transportation industry.
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As international oil prices affect indirectly, by way of domestic oil price, on the influence factors associated with the carbon emission in China's transportation industry, they will eventually have impacts on its carbon emissions in the transportation industry. In some specific industries, the reduction of refined oil price will reduce the cost in such sectors as aviation, maritime, logistics and transportation as well as the chemical industry, and it will boost China's transportation industry, which will influence carbon emission in its transportation industry.
Cutting oil prices is beneficial to further soften inflation pressures, and as the refined oil is the most important production material, its price reduction will help to economize industrial economic operation costs and thus will promote domestic oil price decrease, where these will stimulate China's GDP growth, support more private car population, and sustain more passenger and freight volume, which will eventually lead to carbon emission increase in China's transportation industry; conversely, the international oil price increase will cause domestic oil price to increase, handicapping indirectly China's GDP growth, and these will limit private car population, as well as passenger and freight volume, and which will finally exert impacts on the carbon emission in the transportation. In other words, for the influence mechanism of international oil price on carbon emission in China's transportation industry, the international oil price plays a double role, as shown in Figure 1 . 
Analysis Method
According to the mechanism analysis shown in Figure 1 , the international oil prices are highly correlated, in an indirective manner, to GDP, private car population, passenger and freight -755-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.944 volume by influencing domestic oil price, which causes an information overlap of variable information influencing carbon emissions in China's transportation industry. Therefore, it is necessary to carry out their composition analysis, followed by regression analysis, then by the model to investigate explanation degree of the model variables on carbon emission, and finally to conduct the forecasting. Taken into consideration of the sample size problem of carbon emission data in China's transportation sector, this paper adopts the method of PLSR to study the influence factors of carbon emission in China's transport industry, and to observe its historical emission as well as its mechanism. It concerns mainly the regression model formation of multiple dependent and independent variables. In the case of highly internal linear correlated variables, it is more effective to utilize PLSR analysis to construct a model than to conduct multiple regressions for each dependent variable, where the conclusions of the former are more reliable and more integral. As the PLSR combines the advantages of three analysis methods, which are principal component analysis, canonical correlation analysis and multiple linear regression analysis, it will consider not only the information from independent variables, but also dependent variables as well. Therefore, it can effectively solve the existence of multi-collinearity problems among the independent and dependent variables in the multiple regression analysis, and in this case no special requirement for the sample size is needed (Wang, Ma & Zhai, 2011) . The principal component analysis method aims at extracting maximum data reflecting the variation, while the PLSR method not only studies the independent variable matrix but also is a "response" matrix. Consequently, it is endowed with forecasting capability. And compared with LS (least square) or other modeling methods like neural network, the PLSR is simple, robust with less amount of calculations with higher precision, and it will not remove any explanatory variables or sample points. By all these advantages, the PLSR method can be effectively and widely applied in various methods of data analysis (Tang & Meng, 2011) . As a result, it can help to construct more scientific and reasonable methods for carbon emission predictions in China's transportation industry, and to further consolidate the theoretical foundation for China's climate change policy formulation and effective participation in international climate change negotiations.
Data, Fitting Results and Carbon Emission Impact Forecasting Analysis
Data and Fitting Results
In this paper, the calculation of carbon emission is based on the final energy consumption statistics of China's transportation industry (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , and the transportation industry-wide carbon emission in 1994 -2011 is calculated by way of the emission factor method, the formula of which is as follows:
(1) 944 Where C stands for the carbon emissions, Ei is the consumption of energy i measured by standard coal (TCE), fci is for the carbon emission coefficient of energy i. Shuyan Cao calculated carbon emission coefficients for diverse energies in China (Cao & Xie, 2010) , in which the actual value of carbon emission coefficient for all energies except electricity and thermal energy is equal to their theoretical value (IPCC, 2010) and oxidized fraction (Beijing: Tsinghua University Press, 2001). The carbon emission coefficients of for electricity and thermal energy were comprehensively calculated by Shuyan Cao et al. whose calculations are based on the energy input, output, loss and power structure in the processing and conversion of electricity and thermal energy in 2007. In this paper, the results shown in Table 1 According to the formula (1) and carbon emission coefficients of energy shown in Table 1 , and combined with the energy consumption of China's transportation industry shown in Table 2 (a), this paper calculates the carbon emission in China's transportation industry for the period of 1994-2011, the results are shown in the last column in Table 2 (b).
-757- The paper first constructs the corresponding numerical matrix of the five independent variables: GDP (x1), the international oil price (x2), private car population (x3), passenger and freight transportation volume (x4) (x5), then the paper transforms it into a standard numerical matrix, which is then input into the PLSR prediction model to obtain an explained degree table as well as a correlation coefficient table for the dependent and independent variables. The two tables are shown respectively in Figure 3 and Table 4 . It can be observed Figure 3 that, GDP's explained degree is the highest in the case of China's transportation carbon emission, followed by international oil price, private car population, and passenger and freight transportation volume. And from the correlation coefficient table for independent and dependent variables in Among them, the regression coefficient for the international oil price shows that, when the other factors affecting carbon emissions of China's transportation sector do not change, the average change degree of carbon emission, as an independent variable, caused by the per unit change of international oil price is 0.0203, and they are positively correlated.
Input the historical data of relative dependent variables affecting carbon emission in Table 3 into the PLSR equation (2), the fitting result of the carbon emission forecast data of China's transportation industry from 1994 to 2011 with the original carbon emissions data is shown in Figure 4 . 
Influence Prediction Analysis on Carbon Emissions
From the GDP data of 1994-2011 in Table 3 , we know that China's annul average GDP growth rate is about 9%. The 17th session of the Fifth Plenary Session held by Communist Party of China in Beijing in October 2012 has pointed out, China's "12th Five-Year" plan is "having the scientific development as the major theme, and having the accelerated transformation of economic development mode as the main line", where annual growth rate is lowered, fixed at 7% as GDP's expected annual growth target.
The petroleum consumption growth rate of the whole society from 2000 to 2005 is 7.7%, while that of oil consumption in China transportation industry (including storage and postal services)
in the same period is 12.0%, which is 4.3% higher that of social average energy consumption -761-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.944 growth rate. By common international estimation, at present, the energy consumption of China's transportation industry accounts for about 10% of the total national energy consumption, where oil and gas, accounting for about 40 percent of national oil consumption, in which about 95% gasoline, 60% of diesel and 80% of kerosene are consumed by various types of transport. Severe energy situation requires more attentions to transportation energy saving and consumption reduction.
In consequence, according to relevant national policies and China's future economic development prediction, and based on the data of 2011, the paper maintains private car population, passenger and freight transportation volume to investigate international oil price's impact on the carbon emissions in China's transportation industry at different GDP levels, that is, to study the influence mechanism between GDP, international oil price and carbon emissions in China's transportation sector. Their inter-relationship is shown in Figure 5 , where the vertical axis indicates the changes in carbon emissions, and there are two axes in the horizontal plane, one representing the energy change of international oil prices and the other one the change in GDP. From Figure 5 , it can be observed that, if China's GDP still rises in future, carbon emission in China's transportation industry will continue to rise. In the case of moderate GDP growth, namely in area A and B, whether the international oil price is up or down, the value of carbon emission increase is always negative, i.e. carbon emission in China's transportation sector will decrease, and when the international oil price drops, namely in area B, carbon emissions decreases even faster, which may be due to the global economy as a whole tends to decline, although China's GDP slightly increased through investment, residents' disposable income may decline, therefore, in the region A and B traffic transport sector carbon emissions decline, and the decline in international oil prices shows that the continued economic weakness in Europe and America, adding to China's economic crisis, and thus the carbon emissions of the transport sector in the region B will decline faster; For the area A, China's transport sector within the -762-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.944 next short-term in the structure of energy consumption changes not too large, China's new energy, alternative energy sources and renewable energy applications is relatively backward, and the consumption structure depending largely on oil affect its energy supply capacity, which may further lead to the international oil prices rising, and indirectly inhibit the increase of the GDP, thus result that the increase in carbon emissions of China's transportation industry value is negative.
In technologies, which will make the decreasing rate of the transportation industry, oil and other energy consumption may presented to the accelerated trend in international oil prices, and make international oil prices fall. However, China will indirectly inhibit GDP increasing probably because of the new energy technology innovation huge cost, which will lead to the increasing rate of China's transportation industry carbon emissions decline.
In addition, China's energy futures market which formats and impacts on energy pricing mechanism has only just begun, whose affecting capacity is limited. At present, China's energy through futures and spot imports completely passively accepts foreign energy market price mechanism, and is influenced by the "Asian premium" every year. China's energy reserves is smaller, and the existing energy reserves is mainly oil, which only meets the oil demand of 5-7
days. This further increases the difficulty in protecting the domestic energy supply. Therefore, the fluctuation in international oil price has thus an important reference value to petroleum price adjustment in China, and its dual influence mechanism is bound to exert a crucial impact on the carbon emissions of China's transportation industry.
Conclusions and Recommendations
Through the analysis of the interaction mechanism between oil prices and variable factors affecting carbon emission in China's transportation sector, this paper first establishes a PLSR model for carbon emission in transportation industry, GDP, international oil price, private car population, passenger and freight volume, the paper then analyzes the high correlation And by these efforts, to construct a national transportation system in line with national policies to climate change and having the characteristic of low carbon emission. In view of this, and combined with the conclusions above, this paper proposes the following recommendations for energy saving plans and objectives in China's transportation industry:
Firstly, according to China's "12th Five-Year" plan to "have the scientific development as the major theme, and to have the accelerated transformation of economic development mode as the main line", it is advised that the annual average growth rate is moderately lowered, fixed at 7% as GDP's expected annual growth target. In the twenty-first Century, the explosive growth of China's heavy chemical industry and the national economic growth are all dependent on the high input, high consumption of energy resource. If, in the building process of allaround moderate prosperous society, China still advances with the traditional development model of high energy consumption with heavy industrialization and urbanization, it is unrealistic. The impact and contribution rate of structural factors on energy consumption for various industries is about 70% (Da, Zhou & Zhu, 2004) , which shows the importance of energy consumption control in the realization of national economic development goals, in the optimization of its economic structure and in the transformation of its economic development mode, and China needs to get rid of the situation of relying heavily on the coal and the imbalance between supply and demand. Therefore, efforts should be made to promote the adjustment of energy-saving industrial structure, to accelerate the development of service industries, especially manufacturing services and new types of services, and to properly control the industrial sector growth rate, so as to moderate the negative energy-saving effect formed by the industrial structure adjustment. The attentions should be underlined concerning the optimization and adjustment of industrial structure within the industry, concerning the -764-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.944 advances of new-style industrialization as the main direction of structural energy saving, and accents should be made to have a stricter control of growth rate in high energy-consumption industries and to further accelerate the development of industries with high added value and high-tech.
Secondly, if, in the medium and long term, international oil prices remain a negative growth tendency, it will reflect, from an aspect, the emergence of alternative energies or of new transportation methods and tools, new energy automobile for instance. This will effectively improve the energy consumption rate, having significant effects on the industry's carbon emissions. In recent years, the global renewable energy has witnessed a rapid development, Thirdly, the oil price formation mechanism should be in line with the international market. A complete refined oil price mechanism can clearly not limit itself to the industry cost compensation, but also it should pay attention to the price change trends with timely responses, rationalizing the price formation mechanism, and further advance the implementation of the reform of the price mechanism, contributing to guide the speculative behavior of market players towards the goal of supply-demand equilibrium (Liu & Chen, 2005) .
The construction of the oil price market is the key to the energy saving in China's transportation industry. Only by linking up with the international oil price system can the China's market integrate into the international supply and demand mechanism, where the resource scarcity can be correctly reflected to motivate spontaneous energy saving efforts.
Meanwhile, the development of China's future energy or new energy industry needs to active participations in the international cooperation. China is assuming a rising leading position in the new energy cooperation with the United States, Russia and Japan, where an overall cooperation situation has been established with summit meetings to establish the strategic framework, the functional departments to provide policy support, and local governments and research institutions and enterprises to concretely implement (Kang, 2009) . It is of great significance for China to effectively refer to the international energy price of oil, so as to promote energy saving in its transportation industry, to ensure China's energy security, to develop low carbon economy, and to realize its sustainable economic and social development.
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